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ABSTRACT


Analysis techniques for producing electromagnetic, thermal, and structural solutions to RF cavity design problems in ANSYS are shown.  It is assumed that cavity geometry is created using some outside software (such as Pro/E, which has been used in the NLC Project) and is then imported into ANSYS using a transferable format, such as IGES.  Meshing techniques are suggested and the effect of mesh density on accuracy is discussed.  The general analysis protocol is presented in a stepwise fashion, with illustrations.  In addition, the necessary macros are supplied in the appendix, with comments.  Finally, an example analysis is shown, with FEA derived versus analytically calculated results.  

DISCLAIMER

Before beginning, I must make a disclaimer about this “guide.”  I have written this paper in response to the many questions that I have received about ANSYS RF cavity analysis, and it is my intention to put down on paper the techniques that I have learned after two years of performing these types of analyses.  I believe that my statements are correct, and the advice I give represents my best judgment.  However, the opinions discussed in this paper are my own, and only my own, and have not been endorsed or evaluated by ANSYS or any of its subsidiaries.  Furthermore, all analysis that forms the basis for this paper was conducted in ANSYS 5.5, with a limited amount performed in ANSYS 5.6, and in all cases the program was run on a Dell computer running Windows NT.  Statements made herein may not hold true for different versions of ANSYS running on different platforms with different hardware.  Keeping this in mind, please read this paper with a skeptical eye, and if a suggestion made below does not work for you as I have indicated it should, please do not be surprised.  This paper is meant as a guide, not as instruction or a substitute for proper training.  Above all, remember that experience will be the key determinant in whether or not your analysis works correctly.

INTRODUCTION

Initially, as far as I know, the use of ANSYS for RF cavity analysis was developed at SLAC, by an engineer named John Hodgkins.  He developed a macro for calculating heat flux on the surface of a resistively walled RF cavity, and used these heat flux values to perform thermal and structural analyses on the cavity body.  This initial use of ANSYS in the RF design process was short-lived, however, since all cavity geometry had to be created in ANSYS itself (import capabilities at this time were very limited); this meant that iterating designs was too time consuming to be useful.  Also, since an effective EM code already existed for this purpose (at Chalk River) the motivation to further develop the ANSYS process was absent.  


During 1999 and 2000, it became desirable to resurrect the ANSYS RF analysis capability.  Design work for the Next Linear Collider (NLC) was underway at LBNL, and the development of RF cavity designs for the damping rings demanded the ability to quickly analyze different cavity shapes.  Since the thermal and structural performance of an RF cavity is often pushed very close to its physical limit (in terms of available cooling and internal stresses), it is critical to be able to determine how changes in a cavity’s shape translate to changes in its thermal and structural behavior.  The NLC cavity design was beginning from Pep-II origins, so it was known that the performance would be pushed.  However, since the Pep-II cavities were fairly costly and complex, many ideas existed for simplifying and reducing cost in the NLC design.  Since the RF code at Chalk River had long been unavailable, and the import capabilities within ANSYS had improved, engineers at LBNL began redeveloping the ability to conduct RF, thermal, and structural analyses all in one software package.  During this development process, the help of John Hodgkins was essential, and the work done at LBNL is an extension of his earlier efforts.  


A few advancements in the analysis technique were implemented, however.  First of all, the effect of mesh density on accuracy was rigorously examined, and it was determined that the actual heat flux intensity is highly related to a small local mesh.  Since this effect implies the need for high numbers of degrees of freedom (DOF’s), an accurate model is often very time consuming and memory intensive to run.  For this reason, the heat flux calculation macro was refined in order to better average results in a high heat area, thereby somewhat reducing the need for very small elements.  Also, the RF analysis was extended to include calculation of the cavity’s Quality factor (Q).  While ANSYS has an internal command to perform this calculation, it requires running the analysis twice for good accuracy, and thus a macro was written to perform the calculation in post processing.  All of these refinements are reviewed in further detail in the text and instructions that follow.  In order to provide a “step-by-step” guide to these analysis techniques, the following text is divided into sections, with each section covering a sequential step in the process.  Steps I and II are very basic, so you may skip them if you have experience importing geometry into ANSYS.  The NLC RF cavity is used as an example in most cases.

STEP I – Geometry Importation


In general, there is little to say about importing geometry into ANSYS - it either works or it doesn’t.  We have successfully imported IGES files generated in both Solid Designer and Pro/Engineer, although it was much more difficult to get ANSYS to read Solid Designer IGES files than those of Pro/E.  Often, one must experiment with different IGES settings in order to find which ones work best on a given system – the choices are not always obvious.  A general note about philosophy should also be made here: A good ANSYS user will be able to bring almost any model into ANSYS and perform an analysis.  This may require hours of geometry-fixing, the creation of new geometry elements, and creative ways around commands that, for one reason or another, do not work.  However, if a geometric model cannot be brought into ANSYS in a matter of minutes (especially after some practice with the particular geometry) then it is not worth fixing.  Remember that you may want to run 100 different cases of similar cavities; if every model requires a half day’s worth of fixing, you will spend 20% of a man year just grappling with geometry problems.  Try importing the geometry again, using other options, or reduce the accuracy.  Time spent figuring out how to import a model almost seamlessly is far better spent than time wasted on a model that requires a lot of modification.  If it seems impossible to bring in the geometry, then modify the cavity in the solid modeling software, not in ANSYS.  Remove small features that are inconsequential in the RF analysis, but may be causing import problems.  Make the model a partial model (using symmetry to your advantage), but do this before you import it; if the model has no true symmetry lines, then simplify something to produce them (is that extra port really necessary?).  

As a rule, perform as much of the geometry manipulation as possible outside of the ANSYS interface.  ANSYS was meant for FEA, and this fact is very obvious when making geometric manipulations.  Also, it is very important to select the “Alternate – No Defeature” option when using the ANSYS IGES import.  If this option is left as default, then ANSYS will enter a “defeature” mode after bringing in the geometry.  This mode precludes the use of many of the important commands within ANSYS, and only allows resumption of regular modeling when all geometric anomalies have been eliminated.  Unfortunately, it is often the case that these geometric problems cannot be corrected without the use of functions that are not available in this mode – resulting in a “Catch-22.”  Also, the translation accuracy must be selected; often the default value is too small, and ANSYS will not recognize lines that are connected as actually touching.  This error can cause “holes” and “voids” in a volume, and are often time-consuming to correct.  

You will almost certainly have to use the “numm” command, also.  Issuing “numm,kp,XXX,YYY” will merge all coincident geometry above keypoints (kp) with tolerances XXX and YYY (see the ANSYS help for an explanation).   The tolerances must be set sufficiently loosely that ANSYS will recognize line endpoints which are close but not quite touching after importation; however, if set too loosely, the command will merge things that you do not want touching, and the model will be corrupted (always save before issuing this command, as there is no undo).  Issue the “numm” command multiple times, decreasing the accuracy (increasing the tolerance value) with each try.  If the model is particularly stubborn, and you can pinpoint the keypoints that are not merging, then measure the distance between them and issue the “numm” command with a tolerance slightly larger than the distance just measured.  Keep in mind that the tolerance values are given relative to the units your model was exported in (this flag is set in the IGES file).  Remember the point made earlier – if you spend too much time fixing your model, you should probably try importing it again with different settings.  For instance, if you find yourself issuing the “numm” command over and over again, it may be worthwhile to try importing the model with a looser initial tolerance on the IGES file.  This may merge many of your problem areas away before you even begin repairing geometry in ANSYS.  Once you have repaired the imported geometry enough in order to create a volume (or volumes, depending on your model), move on to Step II.  

STEP II – Geometry Preparation


In most cases, if you are able to create a volume then your model will mesh adequately.  However, there are cases where a corrupt or overly complicated volume can be created but not meshed.  In these cases, it may be necessary to either delete the volume and modify its constituent areas or to divide the volume into smaller volumes, which may mesh individually.  While it was noted earlier that geometry manipulation within ANSYS should be avoided, the following techniques will use scaling and Boolean volume division within the ANSYS interface.  The reason for this distinction between Boolean operations and other geometry manipulations is that ANSYS handles Boolean operations quite well, and it is generally more expedient to perform divisions of the master volume after any importation problems have already been sorted out.  


You will need at least two volumes in order to complete an RF analysis; one volume must serve as the cavity itself (i.e. the copper, steel, etc.) while the other volume must serve as the cavity’s internal space (i.e. the vacuum).  These two volumes must share the same interface surfaces, which can be accomplished either by importing two bordering volumes and merging them, or by bringing in the cavity volume alone, and then capping off the surfaces that are missing from the vacuum volume.  Since the model will often possess symmetry planes, it is often easier to bring in the cavity alone, and then create in ANSYS the few planar capping surfaces that will complete the vacuum volume.  By using this technique you can also avoid cluttering your solid model with extra “vacuum parts,” which are necessary for the analysis, but not actually part of the mechanical design.


For meshing reasons discussed below, it may be advantageous to divide the model into more than 2 volumes (although this is the minimum number).  This can most easily be accomplished by using the Boolean command “divide volume by workplane.”  You can place the workplane by aligning it with keypoints or coordinates, and then move it to the desired locations that you want to divide.  Remember that the workplane always divides with the XY plane, and that you should divide volumes only after you have created the initial cavity and vacuum volumes.  Also, it should be noted that RF analysis in ANSYS must be completed in MKS units, so you will need to make sure that your model is scaled to meters before running.  Although you can perform scaling after meshing, it is far easier (and much safer) to perform it before you begin creating elements.  Remember to use the “move volumes” and not “copy volumes” option when scaling, so that you don’t accidentally duplicate all of the model’s geometry.  

STEP III – Meshing and Mesh Accuracy

Since the phenomenon we are interested in for an RF analysis is mostly a surface effect, the mesh on the surface of the cavity (the boundary between cavity and vacuum) is of most importance.  In general, areas of tighter curvature on the cavity wall show higher heat fluxes, and so must be meshed more finely.  It is not always possible ahead of time to predict where the highest heat load areas will occur, so you will often save time by running a coarse RF model first, finding the hot areas, and then re-meshing with smaller elements.  The mesh density away from the cavity walls is not as critical, unless you are interested in electric or magnetic fields within the volume itself, in which case the mesh must still be fairly fine.  Combining an extremely coarse mesh in the vacuum with an extremely fine one on the surface can lead to inaccuracies, however, so use caution.  Also, calculating the Q factor depends on a decent vacuum mesh, although it is still more dependent on accurate surface heat fluxes.

STEP IV – Heat Flux and Q-factor Calculation
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STEP V – Thermal Modeling

STEP VI – Structural Modeling

STEP VII – Macros and Algorithms
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